Behaviour of tissue enzymes in the circulation by van Dieijen-Visser, M.P.
  
 
Behaviour of tissue enzymes in the circulation
Citation for published version (APA):
van Dieijen-Visser, M. P. (1981). Behaviour of tissue enzymes in the circulation. Maastricht:
Rijksuniversiteit Limburg.
Document status and date:
Published: 01/01/1981
Document Version:
Publisher's PDF, also known as Version of record
Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.




Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license
Take down policy
If you believe that this document breaches copyright please contact us at:
repository@maastrichtuniversity.nl
providing details and we will investigate your claim.
Download date: 04 Dec. 2019
CHARTER Vl~ll 
Conclusions and s~ummary: 
Normal ly  o n l y  v e r y  s m a l l  amounts of  t i s s u e  enzymes a r e  p r e s e n t  
I n  t h e  circulation, b u t  a f t e r  txrssue injuxy t h e  l e v e l s  o f  t i s s u e  en-  
zymes i n  p lasma i n c r e a s e ,  d u e  t o  l e a k a g e  o f  enzymes fro!ai damaged 
c e l l s .  In t h i s  t h e s i s  t h e  b c h a v l o u r  o f  t i s s u e  enzymes I n  t h e  c ~ r c u l a -  
t i o n  1s s t u d i e d  I n  o r d e r  t o  v a l i d a t e  and  improve methods  p r e s e n t l y  
u s e d  f o r  t h e  cp . iant l ta tkon o f  t i s s u e  damage on t h e  b a s l s  of  enzyme 
l e v e l s  l n  p l a sma .  
R c o n s i d e r a b l e  p a r t  o f  Lhe r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  1s 
o b t a ~ n e d  f rom i n t r a v e n o u s  and i n t r a m u s c u l a r  i n l e c t l o n s  and l n t r a v e -  
n o u s  i n f u s ~ o n s  o f  enzymes i n  t h e  doq .  These  a n l m a l s  a r e  cenuuorzhy u s e d  
i n  experimental models  t o  s t u d y  e n z y m a t i c  l n f a r c t  q u a n t l t a t i o n .  Cn- 
zyme p r e p a r a t i o n s  a s  u sed  f o r  t h e  c x p e r f m e n t s  were  o b t l a n e d  f rom dog 
h e a r t  o r  l i v e r .  P r e c e s  o f  h e a r t  or l i v e r  t l s s u e  were  i n c u b a t e d  i n  dog 
p la sma  u n d e r  hypox ic  c o n d i t i o n s .  Under t h e s c  c o n d x t l o n s  enzymes l e a k e  
f r o m  t h e  t i s s u e  i n t o  t h e  p l a sma ,  which  was h e r e a f t e r  c e n t r i f u g e d  and 
u s e d  f o r  t h e  e x p e r i m e n t s .  
I n  mos t  s t u d i e s  enzymat i c  l n f a r c t  s i z e  is e x p r e s s e d  i n  grams of 
n e c r o t i c  t i s s u e .  I n  o r d e r  t o  o b t a i n  t h e  w e i g h t  o f  n e c r o t i c  t l s s u e  i n  
g rams  t h e  c a l c u l a t e d  t o t a l  a c t i v i t y  o f  enzyme r e l e a s e d  Lnto  t h e  c i r -  
c u l a t i o n  h a s  t o  b e  d i v i d e d  by t h e  mean enzyme a c t i v i t y  p e r  gram o f  
n o r m a l  t i s s u e .  S e l e c t i o n  of enzymes w i t h  s m a l l  i n t r a -  and l n t e r - l n d l -  
v i d u a l  v a r i a t i o n s  r n  t r s s u e  enzyme c o n t e n t  w i l l  m ln imizc  e r r o r s  i n  
t h i s  p r o c e d u r e .  
W e  o b s e r v e d  t h a t  f o r  (1) CK,  L D ,  GPL a n d  ( 2 )  ALT enzyme a c t i v ~ t y  i s  
r a t h e r  homogeneously d l s t r ~ b u t e d  t h r o u g h o u t  r e s p e c t i v e l y  h c a r L  and 
l i v e r  t i s s u e  of t h e  dog.  V a r i a t i o n s  i n  enzyme a c t x v l t y  p e r  grdm o t  
n o r m a l  t i s s u e ,  i n  s amples  t a k e n  f rom various s ~ t e s  o f  t h e  s a m e  o r g a n  
a r e  less t h a n  5-7%. I n t e r - i n d s v l d u a l .  v a r i a t i o n s  i n  enzyme a c t i v i t y  
p e r  gram of normal  t i s s u e  were 5-10%. The u s e  o f  a mean v a j u e  f o r  t h e  
enzyme c o n t e n t  o f  normal t i s s u e  w r l l  t h e r e f o r e  i n t r o d u c e  o n l y  a  s m a l l  
e r r o r  xn t h e  q c v a n t i t a t i o n  o f  a c u t e  h e a r t  o r  l~vser t r s s u e  damage,  
S i n c e  1 9 7 1  c r e a t i n e  k l n a s e  (CX) i s  commonly used  i n  d i a g n o s i s  
a n d  q u a n t l t a t i o n  o f  a c u t e  m y o c a r d i a l  infarction. A c o r r e c t  estimation 
o f  CR c l e a r a n c e  r a t e  f rom t h e  c l r c u l . a t i o n  i s  e s s e n t i a l  f o r  a  r e l i a b l e  
e s t i m a t i o n  of e n z y m a t ~ c  i n f a r c t  s l z e .  When t h e  work f o r  t h i s  t h e s i s  
was s t a r t e d  t h e r e  e x i s t e d  a  c o n t r o v e r s y  i n  t h e  l i t e r a t u r e  on  =he  mod- 
e l  t o  d e s c r ~ b e  t h e  c l e a r a n c e  and d l s t s i b u t l o n  o f  CK a c t i v i t y  a f t e r  
i n t r a v e n o u s  ~ n j e c t i o n  i n  t h e  dog, Wrth t h e  e x p e r i m e n t s  d e s c r i b e d  i n  
c h a p t e r  V we w e r e  a b l e  t o  s o l v e  t h i s  c a n t r o v e r s y .  I n f u s i o n  e f  e n z p e s  
a t  a  c o n s t a n t  r a t e  a l l o w e d  u s  t o  a  model i n d e p e n d e n t  estimation o f  
enzyme c l e a r a n c e  c o n s t a n t s .  
We c o n e l u d e  t h a t  f o r  r a p i d l y  c l e a r e d  enzyme, i.e. h a l f - l i v e s  of l e s s  
t h a n  3-5 h o u r s ,  w i t h  m o l e c u l a r  w e i g h t s  l a r g e r  t h a n  40,000 - 60,000 
D a l t o n s ,  d i f f u s i o n  t o  t h e  e x t r a v a s c u l a r  s p a c e  c a n  b e  n e g l e c t e d ,  a s  
compared t o  t h e  c l e a r a n c e  r a t e  f rom t h e  c i rcu9at1 .on  and a  ane-com- 
p a r t m e n t  model i s  s u f f i c i e n t  t o  d e s c r i b e  t h e  c l e a r a n c e  and d i s t r i b u -  
t i o n  o f  t h e s e  enzymes.  For  s l o w l y  m e t a b o l i z e d  enzymes l i k e  ALT d i f f u -  
s i o n  t o  t h e  e x t r a v a s c u l a r  s p a c e  c a n n o t  b e  n e g l e c t e d  and c l e a r a n c e  and 
d i s t r i b u t i o n  o f  s u c h  enzymes i s  b e s t  described by a  two-compartment 
model ( o f .  c h a p t e r  V3 .  
Prom t h e  l i t e r a t u r e  ( T a b l e s  I and  1 3 ,  c h a p t e r  11) and from t h e  re- 
s u l t s  p r e s e n t e d  i n  c h a p t e r s  V and V I  we c o n c l u d e  t h a t  enzymes w i t h  
m o l e c u l a r  w e i g h t s  exceeding 40,000 - 60,1000 D a l t o n s  e x t r a v a s a t e  w i t h  a 
r a t e  o f  1 - 4 %  p e r  h o u r .  Ex t r eme ly  f a s t  e x t r a v a s a t i o n  o f  enzymes w l t h  
h i g h  m o l e c u l a r  w e i g h t s ,  i.e. t r a n s c a p i l l a r y  e s c a p e  r a t e s  o f  20-50% 
p e r  hour  as have been  r e p o r t e d  even i n  t h e  r e c e n t  l i t e r a t u r e  ( T a b l e  
11, c h a p t e r  111, a r e  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  q u i c k l y  metabo- 
l i z e d ,  p a r t l y  d e n a t u r e d  f r a c t i o n s  o f  enzyme a c t i v i t y  I n  t h e  p r e p a r a -  
t i o n s  and  n o t  a s  h a s  been  s u g g e s t e d  t o  a  d l s t r i b u t l o n  o f  enzyme ae-  
t i v i t y  o v e r  d i f f e r e n t  compar tments .  
P a r t  o f  t h e  c o n t r a d i c t i o n s  i n  e a r l i e r  work on t h e  c l e a r a n c e  o f  
enzyme a c t i v i t y  f rom t h e  c i r c u l a t i o n  were c a u s e d  by u s e  o f  d i f f e r e n t  
a n d / o r  i n f e r i o r  enzyme p r e p a r a t i o n s .  I n  c h a p t e r  Y I I  w e  d e s c r l b e  a  
mothod t o  i n v e s t i g a t e  t h e  s t a b i l i t y  and homogenei ty  o f  enzyme p r e p a -  
r a t i o n s  used f o r  i n  v t g o  s t u d i e s .  I n  v i t r o  t h e r m a l  inactivation of  
enzymes a t  h i g h e r  t e m p e r a t u r e s  was used  t a  a n a l y z e  t h e  s t a b i l i t y  and 
homogenei ty  of t h e  enzyme p r e p a r a t a o n s .  I t  was assumed t h a t  d i f f e r -  
e n c e s  i n  m o l e c u l a r  c o n f o r m a t i o n  o f  a n  enzyme would be r e f l e c t e d  i n  a 
d i f f e r e n t  t h e r m a l  s t a b i l i t y  o f  the enzyme. I f  t h i s  a s s u m p t i o n  i s  c o r -  
r e c t  t h e r m a l  i n a c t i v a t i o n  c u r v e s  a t  h i g h e r  t e m p e r a t u r e s  c o u l d  be  used  
t o  d e t e c t  i n h o m o g e n e i t i e s  and instabilities i n  t h e  enzyme p r e p a r a -  
t i o n s ,  W e  d e m o n s t r a t e d  a  p r e p a r a t i o n - d e p e n d e n t  v a r i a t i o n  i n  t h e  i~ 
d i v a  c l e a r a n c e  c o n s t a n t  o f  AST. Using enzyme p r e p a r a t i o n s  o f  t h e  same 
t h e r m a l  stability t h e  x n t e r - x n d l v i d u a l  v a r i a t i a n  i n  AST c l e a r a n c e  
r a t e  c o u l d  b e  r e d u c e d  t o  7-1105. V a r l a t x o n  i n  CK clleararace r a t e s  ap- 
p e a r e d  t o  b e  m a i n l y  a n i m a l  d e p e n d e n t  and n o t  p r e p a r a t i a n  d e p e n d e n t .  
A 1 1  CK p r e p a r a t i o n s  u s e d  w e r e  o f  e q u a l  t h e r m a l  s t a b ~ b i t y .  
From t h e  r e s u l t s  p r e s e n t e d  An c h a p t e r  VII w e  c o n c l u d e  t h a t  t h e r e  1s 
no r e l a t i o n  between p h y s i c a l  p a r a m e t e r s  l i k e  m a l c c u k a r  wcigl-it,  tl.rerma1 
s t a b x l i t y  o r  thermodynamic a c t i v a t x o n  p a r a m e t e r s  and  t h e  ! I -  7ii:t.c; 
c l e a r a n c e  r a t e  o f  enzymes f rom t h e  c l r c u l a t s o n .  I t  s h o u l d  be  n o t e d  
however t h a t  i n  o r d e r  t o  e s t a b l i s h  s u c h  a  relationship above I ~ ~ I I -  
l t loned p a r a m e t e r s  s h o u l d  be  d e t e r m i n e d  f o r  c o n s i d e r a b l y  more enzymes,  
b u t  e v e n  t h e  t r e n d  d i d  n o t  become a p p a r e n t  f rom o u r  d a t a .  
I n  most  e x p e r i m e n t a l  s t u d i e s  enzymat i c  i n f a r c t  s l z e  h a s  been  r e -  
l a t e d  t o  h i s t o l o g i c a l l y  a s s e s s e d  i n f a r c t  s i z e .  The L a t t e r  method i s  
b a s e d  upon s p e c i f i c  s t a i n i n g  t e c h n i q u e s ,  mark ing  e s t h e r  t h e  damaged 
o r  t h e  undamaged t i s s u e .  A f t e r  e x c i s i o n  and  we lgh ing  o f  t h e  damaged 
t i s s u e  t h e  amount of t i s s u e  i n j , u r y  c a n  b e  e x p r e s s e d  i n  terms of grams 
o f  i n j u r e d  t i s s u e .  H i s t o l o g i c a l  a s s e s s m e n t  o f  i n f a r c t  s i z e  h a s  howev- 
e r  a c o n s i d e r a b l e  e x p e r m e n t a l  e r r o r ,  whlch may c a u s e  a  poor  c o r r e l a -  
t i o n  w i t h  enzymat i c  i n f a r c t  q u a n t i t a t l o n .  
T h e r e f o r e  xn o u r  s t u d y  p l a sma  enzyme p a t t e r n s  comparab le  t o  t h e s e  ob- 
t a i n e d  a f t e r  m y o c a r d i a l  i n f a r c t i o n  were s l r n u l a t e d  by v a r y i n g  t h e  r a t e  
o f  i n t r a v e n o u s  i n f u s i o n  o f  t h e  enzyme p r e p a r a t i o n .  The amount o f  en- 
zyme i n f u s e d  was q u a n t i t a t e d  from t h e  enzyme l e v e l s  appear i .ng  i n  
p l a sma  and compared t o  t h e  t r u e  amount o f  enzyme a d m i n i s t e r e d .  T h i s  
experimental set-up a l l o w s  a  v e r y  r e l i a b l e  c h e c k  on methods  p r e s e n t l y  
u s e d  t o  e s t ~ r n a t e  t i s s u e  damage f rom plasma enzyme l e v e l s .  
To q u a n t i t a t e  t h e  t o t a l  a c t i v i t y  i n f u s e d  a  method was u s e d ,  which  a l -  
l ows  e s t i m a t i o n  o f  i n d n v i d u a l  c l e a r a n c e  c o n s t a n t s  of  r a p i d l y  c l e a r e d  
enzymes CAST o r  GPI), usxng a s i m u l t a n e o u s l y  measured  s l o w l y  c l e a r e d  
enzyme (ALT) a s  a r e f e r e n c e .  
The u s e  o f  Elxed mean v a l u e s  o f  t h e  c l e a r a n c e  c o n s t a n t s  of t h e s e  en-  
zymes. i.e. kALT = 0.031 , kAST = 0 . 1 9  h-' and kCpT = 0 . 3 8  1-' re- 
s u l t e d  i n  e r r o r s  of  r e s p e c t i v e l y  7 . 7 % ,  1 7  % a n d  2 4 %  f o r  the mean re- 
c o v e r i e s  o f  ALT, AST and  G P I  a c t i v i t i e s  i n  p l a s m a .  
Compar f sonof t l - i e se  v a l u e s  w i t h  v a r i a t i o n s  o f  r e s p e c t i v e l y  1 2 %  and 1 7 %  
o b t a i n e d  w i t h  i n d i v i d u a l  e s t i m a t e s  o f  AST and G P I  c l e a r a n c e  r a t e s  and 
v a r i a t i o n s  of r e s p e c t i v e l y  11% and 9 %  d u e  t o  e r r o r s  i n  t h e  f i t t i n g  
p r o c e d u r e ,  a s  judged f rom computer  s i m u l a t i o n s ,  we c o n c l u d e  t h a t  f o r  
AST a s  w e l l  a s  GPZ t h e  u s e  of i n d i v i d u a l  e s t i m a t e s  o f  c l e a r a n c e  r a t e s  
r e s u l t s  l n  a r educed  e r r o r  i n  t h e  c a l c u l a t e d  r e c o v e r y .  The b e s t  s e -  
s u l t s  were however o h t a m e d  with t h e  s i e w l y  m e t a b o l i z e d  enzyme ALT, 
u s i n g  t h e  mean v a l u e  o f  the c l e a r a n c e  c o n s t a n t .  
Some a r l c l i t i ana l  f a c t o r s ,  which may a f f e c t  enzymat i c  q u a n t i t a t l o n  
of t i s s u e  damage a r e :  ( 1 1  i ncomple te  r e l e a s e  o f  enzyme a c t l v z c y  from 
n e c r o t i c  c e l l s ,  ( 2 )  l o c a l  i n a c t l w a t i o n  o f  enzyme a c t i v l t y  a t  t h e  
p l a c e  of t i s s u e  i n j u r y  and ( 3 )  e x t r a v a s c u l a r  l n a c t s w a t r o n  oE enzyme 
a c t i v i t y .  
I n  t h e  p r e s e n t  s t u d y  i n t r a m u s c u l a r  i n ~ e c t i o n s  of AST and ALT a c t l v r t y  
I n  t h e  q l w t e u s  muscle  05 t h e  dog were used t o  e s t l m a t e  t h e  amount of 
enzyme a c k ~ w i t y  e v e n t u a l l y  r e c o v e r e d  In p lasma .  
We d e m o n s t r a t e d  t h a t  a f t e r  i n t r a m u s c u l a r  j n j e c t i o n s  a t  l e a s t  75% of  
t h e  ALT a c k i v ~ t y  a d s n l n l s t e r e d  was r e c o v e r e d  i n  plasnia,  whereas  t h e  
r e c o v e r y  f o r  AST was 8 6 % .  
These r e s u l t s  a r e  i n  s t r i k i n g  c o n t r a s t  t o  t h e  low r e c o v e r y  o f  CK ac -  
t i v i t y  i n  plasma a f t e r  a c u t e  m y o c a r d i a l  i n f a r c t i o n ,  a s  h a s  been r e -  
p o r t e d  i n  t h e  l i t e r a t u r e .  T h k s  low r e c o v e r y  1s p r o b a b l y  i n t r o d u c e d  
because  CK shows a c c e l e r a t e d  denaturation +n dog lymph. A f t e r  i n t r a -  
muscu la r  i n j e c t i o n  ALT and AST r e l e a s e  from muscle  c o n t i n u e d  up t o  
40-50  h o u r s  a f t e r  i n j e c t l o n .  These  r e s u l t s  i n d i c a t e  t h a t  e s p e c i a l l y  
f o r  A S T ,  an enzyme w i t h  a  h a l f - l i f e  of 3 . 5  h o u r s ,  a s  e s t i m a t e d  from 
plasma a c t i v i t y  c u r v e s  a f t e r  i n t r a v e n o u s  i n j e c t i o n  of t h e  a c t i v i t y ,  
t h e r e  i s  very few l o c a l  i n a c t i v a t i o n  a t  t h e  site of  ~ n j e c t i o n  o r  du r -  
i n g  t r a n s p o r t  t h rough  t h e  i n t e r s t i t i a l  f l u ~ d .  The high r e c o v e r i e s  I n  
p lasma i n d i c a t e  t h a t  c a t a b o l i s m  o f  t h e s e  enzymes o c c u r s  in t h e  vas-  
c u l a r  p o o l  o r  i n  i n m e d i a t e  c o n t a c t  w i t h  t h i s  p o o l  and n o t  i n  t h e  cx- 
t r a v a s c u l a r  s p a c e .  
Canciwsies en samenvatting 
D l t  p r o e f s c h r i f t  h a n d e l t  ove r  h e t  g e d r a g  van  weefse lenzymen i n  
de  c i r c u l a t i e .  Weefselenzymen c a t a l y s e r e n  specifieke b i o l o g i s c h e  re- 
a c t i e s  i n  d e  c e l .  Onder no rma le ,  n i e t - p a t h o l o g i s c h e  omstandigheden 
komen d e z e  enzymen s l e c h t s  I n  z e e r  q e r l i q e  c o n c e : ? t r a t i e s  v o o r  in? de 
~ u r c u l a t i e ,  d e  zogenaamde normaalwaarde .  
S t o r i n g e n  i n  d e  c e l f u n c t i e ,  v e e l a l  veroorzaakt .  d o o r  e e n  t e k o r t  
aan  vo ldoende  c e l l u l a i r e  e n e r g i e  urn d e  normale  p h y c i a l o g i s c h e  p r o c c s -  
s en  i n  d e  c e l  t e  l a t e n  v e r l o p e n ,  l e i d e n  t o t  e e n  verhoogde per i iueabi l i -  
E e l t  van d e  ce lwand.  DIC g e e f t  a a n l e i d i n g  t o t  Biet vrf jkonien  van i n -  
t r a c e l l u l a l r e  enzymen en a n d e r e  s t o f f e n  i n  d e  i n t e r s t u t ~ k i l e  r u i n i t e  ei) 
In de circulatie. He t  f e i t  d a t  e l k  enzym m e e s t a l  s l e c h t s  &&n b r o l o g l -  
sche  r e a c t i e  c a t a l y s e e r t  maakt h e t  m o g e l i j k  om m e t  een  g r o t e  gevoe-  
l i g h e ~ d  e n  specificiteit d e  c o n c e n t r a t i e  van e e n  enzym, i n  b i - ~ v o o r -  
b e e l d  e e n  p lasmamonster  t e  b e p a l e n .  
Elk c e l t y p e  h e e f t  een  k a r a k t e r i s t i e k  enzympatroon.  Leve rce l l e rz  b i l -  
v o o r b e e l d ,  v e r v u l l e n  e e n  b e l a n g r i j k e  r o l  i n  d e  a f b r a a k  e n  s y n t h e s e  
van e i w i t t e n  e n  b e v a t t e n  d a n  ook e e n  r e l a t i e f  hoge c o n c e n t r a t i e  
t r a n s a m i n a s e c ,  d i e  n o d i g  z i j n  b i )  d e  o m z e t t i n g  van  a m i n o t u r e n .  S p i e r -  
c e l  l e n  d a a r e n t e y e n  b e v a t t e n  r e l a t i e f  w e i n i g  t r a n c a r n i n a s e s ,  maar wcl. 
een hoge c o n c e n t r a t i e  c r e a t i n e  k i n a s e ,  e e n  enzym d a t  v e r a n t w o o r d e l i j k  
1s v o o r  d e  o p s l a g  van  e n e r g i e  i n  d e  Vorm van  c r e a t i n e  E o s f a a t .  B e -  
s c h a d i g i n g  van e e n  b e p a a l d  c e l t y p e ,  g e e E t  a a n l e i d i n g  t o t  een  k a r a k t e -  
r i s t i e k  enzympakroon i n  h e t  p l a sma ,  d a t  kan  worden g e b r u i k c  om d e  
p l a a t s  v a n  d e  b e s c h a d i g i n g  v a s t  t e  s t e l l e n .  Weef se l  s p e c i f i e k e  enay-  
men, jsoenzymen e n  k a r a k t e r i s t i e k e  enzymquo t i en ten  i n  h e t  p lasma z i j n  
een b e l a n g r i j k  h u l p m ~ d d e l  geworden b i j  d e  d i a g n o s e  v a n  een  g r o o t  aan-  
t a l  z ~ e k t e n .  
He t  u i t e i i z d e l i ~ k e  n i v e a u  van i n i t r a c e l  L u l a ~ r e  entyinen 111 h e t  
plasma i s  a f h a n k e l ~ j k  van  h e t  a a n t a l .  b e s c h a d i g d e  c e l l e n ,  maar ook van 
de a f b r a a k s n e l h e i d  van h e t  enzym i n  d e  c i r c u l a t i e  e n  de d u u r  van d@ 
u i t s t o r t i n g  u r t  Plet w e e f s e l .  
I n  e e n  a a n t a l  s t u d r e s  i s  e e n  s i g n i f i c a n t e ,  hoewel n i e t  indrtikwekkeride 
r e l a t u e  gevonden t u s s e n  d e  maximale e n z y m a c t i v i t e i t  i n  h e t  plasma cn 
de  h ~ s t o l o g i s c h  b e p a a l d e  i n f a r c t g r o o t t e .  De h i s t o l o g i s c h e  i n f a r c t -  
g r o o t t e  word t  b e p a a l d  m e t  b e h u l p  van s p e c i f i e k e  k l e u r i n y s t e c h n i e k c n ,  
d i e  o f w e l  h e t  n e c r o t u s c h e  dan w e l  h e t  n i c t - n e c r o t i s c h e  I v i t a l e )  w c e f -  
s e l  k l e u r e n .  Na u i t s n i l d e n  e n  wegen w c r d t  d c  t o t a l e  w e e i s c l s c h a d e  
uitgedrukt in het aantal gramven necrotisch weefsel. Het feit dat de 
correlaties tussen de maximale enzymactlviteit In her plasma en de 
histologische infarctgrootte onvoldoende ziJn voor een nauwkeurige 
schatting wan de infarctgrootte uit plasmamonsters rn rndivrduele ge- 
vallen, is het gevolg van factoren als het nemen wan onvoldoende 
plasmamonsters, indivLduele vesschzllen in de verdwijnings~onstanten~ 
maar ook van experimentele fouten bij ket bepalen van de histoloqi- 
B C ~ B  infarctgrootte, 
In modellen die de verdwijning wan eiwitten uit de circulatie be- 
schrfjven moet dan ook rekening worden gehouden met verschijnselen 
als: het diffunderen van eiwit naar de extravasculaire ruimte, terug- 
keer van eiwit vanuit de extravasculaire ruimte en afbraak in de cir- 
culatie. Enzymen verdwijnen uit de circulatie met snelheden die ka- 
rakteristiek zijn voor zowel het enzym als voor de species. Daarnaast 
bestaat bnnnen fén species ook nog een belangrijke ~nterindividuele 
variatie in de verdwi~n~ngssnelheid van een enzym. 
Sinds 1971 wordt gebruik gemaakt van verschillende modellen om 
acute weefcelschade te quantiteren aan de hand van enzymniveaus nn 
het plasma. Tot op heden zijn zowel redelljk goede als slechte resul- 
taten verkregen. 
Het doel van dit onderzoek is de bestaande methodes om acute weefcel- 
schade te guantiteren te valideren en verbeteren. Het merendeel wan 
de resultaten werd verkregen uit Intraveneuze en intramusculaire in- 
jecties en intraveneuze infusen in de hond. De hond 1s het standaard 
proefdier In experimentele modellen om enzymatische infarctgrootte te 
bestuderen. De enzympreparaten werden verkregen doar stukjes hart of 
leverweefsel onder hypoxische omstandigheden te incuberen in honden- 
plasma, waarbrj de enzymen uit het weefsel lekken en in het plasma 
komen. Het plasma werd vervolgens afgedraaid en gebruikt voor de ex- 
perimenten. 
De enzymatische infarctgrootte wordt meestal uitgedrukt in het 
aantal grammen necrotnsch weefsel. Dit is uitsluitend gerechtvaardrgd 
voor die enzymen waarvoor zowel de intra- als de internndividuele va- 
riaties in de enzyminhoud per gram weefsel klein zijn. Wij vonden dat 
voos: ( 1 3  CE, LD, GPZ en voor ( 2 )  ALT de enzymactiviteit redelijk ho- 
mogeen verdeeld is over respecti~elij~k hart- en leverweefsel. De va- 
riaties in de enzymactiviteit per gram weefsel, in monsters genomen 
op verschillende plaatsen in hetzelfde orgaan liggen rond de 5-7%. 
Interindividuele variaties in de enzymactlv~teit per gram weefsel 
l i g g e n  rond d e  5 1 0 % .  
H e t  g e b r u i k  van d e  gemuddelde waarde  v o o r  d e  e n z y m a c t i v i t e l t  p e r  gram 
n o r m a a l  w e e f s e l ,  i n  p l a a t s  van s n d i v i d u e l e  waarden z a l  d e r h a l v e  v o o r  
d e  bovengenoemde enzymen s l e c h t s  e e n  z e e r  g e r i n g e  fou-k. i n t r o d u c e r e n  
b i j  d e  q u a n t l t e r m g  wan a c u t e  h a r t s p i e r  o f  l e v e r s c h a d e .  
B i j  d e  b e r e k e n i n g  van d e  e n z y m a t i s c h e  i n f a r c g r o o t t e  e i r  niees a l -  
gemeen b i ]  d e  s t u d i e  van h e t  e l w i t m e t a b o l i s m e  s p e e l t  d e  a f b r a a k s n e l -  
h e i d  van  e e n  enzym, m e e s t a l  uitgedrukt i n  d e  e e r s t e - o r d e  v e r d u i j -  
n i n g s c o n s  t a n t e  k ,  e e n  b e l a n g r i j k e  r o l .  
Bij d e  d i a g n o s e  e n  q u a n t i t e s i n g  van  a c u t e  h a r t s p i e r s c h a d e  word t  w e e l -  
a l  g e b r u l k  gemaakt van  h e r  enzym c r e a t l n e  k l n a s e .  Toen m e t  h e t  werk  
v o o r  d i t  proefschrift werd aangevangen b e s t o n d  e r  i n  d e  l i t e r a t u u r  
e e n  b e l a n g r l j k e  c o n t r o v e r s e  o v e r  h e t  model om de  v e r d w i j n i n g  van  CK 
u i t  d e  c i r c u l a t i e  z o  e x a c t  r n o g e l i ~ k  te  beschrijven. D e  experimente11 
b e s c h r e v e n  i n  h o o f d s t u k  V b r a c h t e n  d e  b e s t a a n d e  c o n t r o v e r s e  t o t  e e n  
o p l o s s i n g .  Een methode w a a r b i j  enzymen m e t  e e n  c o n s t a n t e  s n e l h e l d  
w e r d e n  g e l n f u n d e e r d  s t e l d e  o n s  i n  s t a a t t o t e e n  madel  o n a f h a n k e l i j k e  
s c h a t t i n g  van  d e  v e r d w i j n i n g s c o n s t a n t e  wan e e n  enzym. 
W11 c o n c l u d e r e n  d a t  v o o r  enzymen, d i e  r e l a t i e f  s n e l  worden a f g e b r o -  
k e n ,  e e n  h a l f w a a r d e t i j d  k l e i n e r  d a n  3-5 u u r ,  e n  e e n  molecuu lgewich t  
g r o t e r  d a n  40.000-60.000 D a l t o n s  hebben ,  d e  d i f f u s i e  n a a r  d e  e x t r a -  
v a s c u l a i r e  r u i m t e  v e r w a a r l o o s b a a r  is  t . o . v .  d e  a f b r a a k s n e l h e i d  van 
d e z e  enzymen i n  d e  c i r c u l a t i e  e n  e e n  &én-compar t iment  model is  v o l -  
d o e n d e  om d e  v e r d w i j n i n g  van d e z e  enzymen u i t  d e  c i r c u l a t i e  t e  be- 
s c h r i j v e n .  Voor langzaam a f g e b r o k e n  enzymen, z o a l s  ALT i s  d e  d i f f u s i e  
n a a r  d e  e x t r a v a s c u l a i r e  r u i m t e  n i e t  meer t e  v e r w a a r l o z e n  e n  i s  e e n  
twee -compar t imen ten  model n o o d z a k e l i j k .  
U i t  de r e s u l t a t e n  b e s c h r e v e n  i n  h o o f d s t u k  V1 i s  geconcludeerd d a t  e i -  
w i t t e n  met e e n  molecuu lgewich t  g r o t e r  d a n  BO.0OD-6O.OOQ B e l t o n s  mak 
e e n  s n e l h e i d  van 1 - 4 8  p e r  u u r  n a a r  d e  e x t r a w a s c u l a l r e  r u i m t e  d i f f u n -  
d e r e n .  D i t  r e s u l t a a t  i s  i n  o v e r e e n s t e m i n g  m e t  s t u d i e s  v a n  r a d i o o c -  
t s e f  g e l a b e l d e  p l a s m a - e i w i t t e n ,  maar z e l f s  i n  z e e r  r e c e n t e  l i t e r a t u u r  
worden nog t r a n s c a p i l l a i r e  v e r d w i j n i n g s s n e l h e d e n  wan 20-50% p e r  u u r  
gevonden  v o o r  enzymen. Deze r e s u l t a t e n  z i l n  w a a r s c h i j n l i j k  t o e  t e  
s c h r i j v e n  aan  de  aanwez ighe ld  van s n e l  g e m e t a b o l l s e e r d e  f r a c t i e g  i n  
de e n z y m p r e p a r a t e n  e n  n i e t  a a n  d e  g e s u g g e r e e r d e  v e r d e l i n g  wan d e  en-  
zymen o v e r  meerde re  compar t imen ten .  
H e t  r e t i c u l o e n d o t h e l i a l e  s y s t e e m  b l f j k t  e e n  b e l a n g r l j k e  r o l  t e  
spe l l en  b i j  d e  v e r d w i j n i n g  van n i e t - n a t i e v e  e i w i t m o l e c u l e n  u i t  d e  
clsreulldtxe.  De s n e l l e  ve rwi  jdcr I 9.g van  b e s c h a d i g d e  e i t r i t m o l e c u l e n  u i t  
d e  c i r c u l a t i e  kan worden g e z l e n  a l s  e e n  b e c e h e r r n i ~ g  van h e t  aicganlsme 
t e g e n  b e s c h a d i g d e  of a n d e r s z i n s  v e r a n d e r d e  m o l e c u l e n .  
I n  h o o f d s t u k  V I I  is  d e r h a l v e  g e z o c h t  n a a r  e e n  m e t h a d e o m d e  samensse l -  
I r n g  van d e  g e b r u i k t e  enzymprepa ra t en  t e  a n a l y s e r e n .  i n  ~ > z , r - o  t he rmi -  
s c h e  i n a c t i v e r i n g  van d e  enzymen bij hoge t e m p e r a t u u r  1s g e b r u i k t  om 
d e  h o m o g e n i t e l t  e n  d e  s t a b l l l t e i t  wan d e  enzymprepa ra t en  te  b e p a l e n .  
V e r s c h i l l e n  i n  r n o l e e u l a i r e  co r : fo rma t~-e  van  e e n  enzym zouden ammers 
m o g e l i j ~ k  t o t  u i t i n g  kunnen komen i n  e e n  v e r a n d e r d e  t h e r m i s c h e  s t a b i -  
l i t e i t .  Wanneer d e z e  v e r o n d e r s t e l l i n g  c o r r e c t  i s  zouden t h e r m z s c h e  
e n a c t ~ v e r i n g s  c u r v e s  kunnen worden gebruik t .  om d e  h a m o g e n i t e i t  e n  
s t a b i l i t e i t  van d e  enzymprepa ra t en  t e  b e p a l e n .  
Voos AST wesd e e n  p r e p a r a a t  a f h a n k e l ~ l ~ k e  v a r z a t i e  i n  d e  i n  vivo v e r -  
d w i j n ~ n y s s n e l h e ~ d  gevonden.  I n d i e n  g e b r u i k  gemaakt w o r d t  van  p r e p a r a -  
t e n  van i d e n t i e k e  t h e r m i s c h e  s t a b i l i t e i t  kan  d e  i n t e r i n d i v l d u e l e  
v a r i a t i e  i n  de AST v e r d w ~ j n i n g ~ ~ o n ~ t a n t e  warden b e p e r k t  t o t  7-10%.  
E r  was geen  v e r s c h i l  I n  d e  i n  u i i r o  t h e r m i s c h e  s t a b i l i t e i t  van  d e  CK 
p r e p a r a t e n .  De v a r i a t i e  i n  d e  CX v e r d w i j n i n g s c o n s t a n t e  b l i j k t  e e r d e r  
hond- d a n  p r e p a r a a t - a f h a n k e l i j k .  
U i t  d e  r e s u l t a t e n  vermeld  i n  h o o f d s t u k  W I I  hebben w i j  g e c o n c l u d e e r d  
d a t  e r  voor  d e  b e s t u d e e r d e  enzymen geen  r e l a t i e  b e s t a a t  t u s s e n  phys3- 
s c h e  p a r a m e t e r s  a i s  m o l e c u u l g e w i c h t ,  t h e r m i s c h e  s t a b i l i t e i t  of t h e r -  
modynamische a c t i v e r i n g s p a r a m e t e r s  e n  d e  i n  u i o o  v e r d w i j n i n g s s n e l h e z d  
u i t  d e  c i r c u l a t i e .  
Z o a l s  vermeld  kunnen f o u t e n  i n  d e  b e p a l i n y  van  d e  h i s t o l o g i s c h e  
i n f a r c t g r o o t t e  s l e c h t e  c o r r e l a t i e s  m e t  d e  enzymatesche  methode v e r -  
o o r z a k e n .  Daarom werden i n  onze  s t u d i e  enzymgatronen i n  p l a s m a ,  v e r -  
g e l i  j k b a a r  m e t  d i e  na  e e n  h a r t i n f a r c t ,  g e s i m u l e e r d  d o o r  d e  s n e l h e i d  
waarmee die p r e p a r a t e n  werden g e I n f u n d e e r d  t e  v a r i ë r e n .  D e  h o e v e e l h e i d  
ye'3infundsarde e n z y m a c t i v i t e i t  werd v e r v e l g e i ~ s  g e s c h a t  op b a s i s  vaia de 
enzymniveaus  i n  h e t  p lasma e n  d i r e c t  v e r g e l e k e n  met d e  i n  w e r k e l i j k -  
h e i d  t o e g e d i e n d e  h o e v e e l h e i d  e n z y m a c t l v i t e i t .  D e  t o t a l e  h o e v e e l h e i d  
geTafundee rde  e n z y m a c t i v i t e i t  werd b e p a a i d  a a n  d e  hand van d e  enzym- 
n i v e a u s  i n  h e t  p l a s m a ,  m e t  b e h u l p  v a n  e e n  methode d i e  o n s  i n  s t a a t  
s t e l t  d e  i n d i v i d u e l e  v e r d w i ~ n i n g s c o n s t a n t e n  van  s n e l  a f g e b r o k e n  enzy- 
men (AST e n  GPI) t e  b e p a l e n ,  g e b r u i k  makend van e e n  g e l i j k t i ~ d i g  qe-  
meten r e f e r e n t i e  enzym [ A L T ) .  
[let g e b r u i k  van  v a s t e  gemidde lde  waarden v o o r  d e  v e r d w i j n i n g s c o n s t a n -  
t e n  v a n  d e z e  enzymen. i . e .  kALT = 0 . 0 3 4  h'lr kAST = 0 . 1 9  h-' e n  GPI = 
0. T8 
voor  
h-1 z e s u i r e e r d e  i n  f o u t e n  van r e s p e c t i e v e l i g k  7 - 7 8 ,  1 7 8  e n  1 4 %  
d e  g e ï n f u n d e e r d e  h o e v e e l h e i d  ALT,  AST en  GPI. V e r g e l i j k e n  we de- 
ze waa rden  m e t  v a r l a t i e s  van  2 2 %  e n  1 7 %  v e r k r e g e n  met i n d i v i d u e l e  
s c h a t t i n g e n  van  d e  AST e n  G P I  v e r d w l j n l n g s s n e l h e d e n  en  v a r i a t i e s  van 
r e s p e c t i e v e l i j k  11% e n  9 8  g e h t r o d u c e e r d  d o o r  f o u t e n  i n  d e  p r o c e d u r e  
( g e s c h a t  m.b .v .  computer  s i m u l a t i e s )  d a n  kunnen TrEe c o n c l u d e r e n  d a t  
zowel v o o r  AST a l s  v o o r  GPL h e t  g e b r u i k  v a n  individuele s c h a t t a n g e n  
van d e  v e r d w i j n i n g s c o n s t a n t e n  r e s u l t e e r t  i n  e e n  g e r l n g e r e  f o u t .  D e  
b e s t e  r e s u l t a t e n  werden e c h t e r  v e r k r e g e n  m e t  h e t  langzaam a f g e b r o k e n  
enzym ALT, z e l f s  i n d l e n  g e b r u i k  werd gemaakt  v a n  d e  gemidde lde  waa rde  
voor  d e  ALT v e r d w i j n i n g s c o n s t a n t e ,  d .w.z .  d e  i n t e s i n d i v ~ d u e l e  v a r i a -  
ties i n  d e z e  g r o o t h e i d  worden v e r w a a r l o o s d .  
Andere  f a c t o r e n  d i e  een  i n v l o e d  kunnen hebben o p  d e  e n z y m a t i s c h e  
q u a n t i t e r i n g  v a n  weef s e l s c h a d e  z i j  n :  ( 1 )  o n v o l l e d i g e  u i t s t o r t i n g  van 
e n z y m a c t i v l t e x t  u i t  n e c r o t ~ s c h e  c e l l e n ,  1 2 )  L o c a l e  i n a c t l v e r i n g  van  
e n z y m a c t i v i t e i t  o p  d e  p l a a t s  v a n  d e  w e e f s e l b e s c h a d i g i n g  en  ( 3 )  e x t r a -  
v a s c u l a i r e  a f b r a a k  v a n  e n z y m a c t i v i t e i t .  
I n t r a m u s c u l a i r e  ~ n - j e c t i e s ~ d i e p  i n  d e  g l u t e u s  s p i e r  v a n  d e  hond,werden 
geqeven  om d e  t o t a l e  h o e v e e l h e i d  e n z y m a c t i v i t e i t  d i e  u i t e ~ n d e l i ~ k  
v a n u i t  d e  s p x e r  i n  d e  c i r c u l a t i e  t e r e c h t k o m t  t e  s c h a t t e n .  Na e e n  i n -  
t r a m u s c u l a i r e  i n j e c t i e  word t  g e d u r e n d e  40-50 u u r  e n z y m a c t i v i t e i t  i n  
h e t  p lasma u i t g e s t o r t .  Ke t  b l e e k  d a t  n a  i n t r a m u s c u l a i r e  i n j e c t i e  t e n  
m i n s t e  75% van  d e  t o t a a l  t o e g e d i e n d e  h o e v e e l h e i d  ALT u i t e i n d e l i j k  i n  
h e t  p l a sma  t e r e c h t k o m t ,  t e r w i j l  v o o r  AST t e n m i n s t e  8 6 %  van  d e  g e ï n -  
j e c t e e r d e  a c t i v i t e i t  i n  h e t  p lasma v e r s c h i j n t .  Deze r e s u l t a t e n  s t a a n  
i n  s t e r k e  t e g e n s t e l l i n g  t o t  d e  l a g e  o p b r e n g s t  z o a l s  I n  d e  l i t e r a t u u r  
b e s c h r e v e n  v o o r  CK, na e e n  a c u u t  m y o c a r d i n f a r c t .  Deze l a g e  o p b r e n g s t  
is  v e r m o e d e l i j k  t e  v e r k l a r e n  d o o r  e e n  s n e l l e  i n a c t î v e r l n g  van  CX ac- 
t l v i t e i t  i n  d e  lymfe .  Deze r e s u l t a t e n  b e v e s t i g e n  d a t  s p e c i a a l  voor  
AST er z e e r  w e i n i g  i n a c t l v e r i n g .  i s  op  d e  p l a a t s  van  ~ n j i e c t i e ,  niaar 
ook t i ~ d c n s  h e t  ' t r a n s p o r t  van  de  s p i e r  v i a  d e  lymfe  e n / o f  d e  ~ n t e r -  
s t i t i ë l e  r u i m t e  n a a r  h e t  p l a sma .  D e  hoge  o p b r e n g s t e n  i n  p lasma voor  
A S T  e n  ALT d u i d e n  a a n  d a t  d e  a f b r a a k  v a n  d e z e  e n z w e n  Ln h e t  p lasma 
compar t imen t  o f  i n  d e  o n m i d d e l l i j k e  n a b i j h e i d  v a n  d i t  compar t imen t  
p l a a t s v i n d t .  
